Angiostrongylus costaricensis is a metastrongylid nematode, parasitic of wild rodents. The worms live inside the mesenteric arterial system and terrestrial mollusks are intermediate hosts 13 . Human accidental infection may result in abdominal disease that has already been reported from most countries of Central and South America 14 . Diagnosis is only established through anatomicopathological examination of surgical or biopsy specimens, since there is no evidence of larval elimination in the feces, as seen with experimental infection of rodents 6 13 . Results from cross-sectional studies have been published 5 , including an outbreak in Guatemala 9 , besides many case reports from single or small groups of patients 2 14 16 . In 1995, a 41-year-old woman was diagnosed with abdominal angiostrongyliasis, living in a rural area of southern Brazil. That was the opportunity for attempting a first description of the natural history of this parasitosis, in a population-based longitudinal study.
MATERIAL AND METHODS
Colombo-Usina is a rural community in the municipality of Guaporé (52°08' W; 29°02'S) in the southernmost State of Rio Grande do Sul, Brazil. This area was selected after the histopathological diagnosis of abdominal angiostrongyliasis, with demonstration of an intra-arterial nematode, in a local resident. Adult worms of Angiostrongylus costaricensis were also recovered from mice experimentally infected with larvae found in slugs collected in the immediate surroundings of the house.
The houses in the community are distributed widely apart along a secondary road leading to the neighboring town of Anta Gorda. Local residents were registered and the houses were plotted on a map, in June 1995. At this time, informed consent to participate in the study was obtained from each individual. The investigation protocol was approved by the ethical committee (CEP-PUCRS, Process number 01/96) and performed according to Brazilian regulations (Decree MS-CNS 196/96). Collection of sera and fecal samples were performed in July 1996, March 1997, March 1998, October 1998 and March 1999.
Clinical evaluation (July 95, March 97 and March 98) was done by a questionnaire focused on the identification and description of abdominal pain. A brief physical examination was undertaken looking for vital signs and abdominal examination when abdominal pain was referred at that moment.
Serum samples were kept on ice until storage at -20°C in the laboratory. ELISA-IgG (76% sensitivity; 91% specificity) was performed as described elsewhere 4 . Briefly, the plates were sensitized with crude antigen of female worms at a concentration of 7µg/ml and serum samples were diluted 1:500 in 0.05% Tween 20, 5% skimmed milk PBS.
For the detection of Strongyloides stercoralis larvae in stools, a modified Baermann method was used 7 . Approximately 5g of fresh fecal samples were placed on four layers of surgical gauze supported by a plastic mesh, partially immersed in tap water in a plastic funnel and left overnight at room temperature. Larvae found under the stereomicroscope were identified through examination at a higher magnification under the microscope. For the detection of helminth eggs and protozoan cysts, part of the fecal samples were mixed with a 10% formalin solution and processed in the laboratory by Ritchie method 17 .
For the detection of Enterobius vermicularis eggs, the method of Graham was performed. After detailed oral and written instructions, the individuals collected the samples by application of a transparent adhesive tape in the perineum early in the morning and placed the used tape over a glass slide. Slides were searched for eggs under the microscope.
For the study on intermediate hosts in the area, houses were randomly assigned as collection sites. Three collection sites were chosen in the lower and another three in the upper section of the main road. Terrestrial mollusks were collected during the same night by a screening of the surroundings of the houses by two researchers, beginning at 9 p.m. for 30 minutes. All mollusks found on the surface of the soil or vegetables were collected and kept in a cotton bag with grass until examination in the laboratory. The slugs were eviscerated and the body was minced and incubated in a 30% (w/v) pepsin (P-7152, Sigma) 0.07% (v/v) hydrochloric acid solution, overnight at room temperature. The preparations were then placed in a Baermann funnel for sedimentation and identification of metastrongylid larvae. A sample was inoculated per os in albino mice for the identification of adult worms inside the mesenteric arteries. The slugs were identified by external characteristics and if necessary by microscopic examination of genitalia, with the expert supervision of Dr. Georgina Mansur (Malacology Laboratory, PUCRS).
RESULTS
At least one set of data was collected for 179/198 individuals living in the area. These presented the following demographic characteristics: 83 males, 96 females, 33 ±18 years-old and age distribution shown in Figure 1 . Prevalence of antibodies against A. costaricensis antigen ranged from 2.8% to 28 % and incidence from 0% to 8%, with the distribution shown in 
Age (years)
Absolute number Table 1 and Figure 2 . The overall highest total number of seropositive individuals were detected from 30 to 49 years of age ( Figure 3 ). When there was a substantial number of individuals with positive serology, male and female individuals were found to be equally affected: 1:0.95 and 0.83:1 in July 1995 and October 1998, respectively. Serological follow-up for 5 years was possible in 32 individuals (Table 2) : 19/32 (40.6%) had persistently negative serology while only 1/32 individuals had persistently positive serology. This distribution is also seen within the group followed for 4 years (data not shown). Individual serological reactivity shows both variability and diversity of patterns ( Figure 4) . Presence of abdominal pain was reported by 38, 23 and 14 individuals in January 1996, March 1997 and March 1998, respectively, without a strong association with the serological reactivity seen in the ELISA (Table 3) .
Ascaris lumbricoides and Giardia intestinalis were the most frequently found enteroparasites and situations of co-infection are shown in Tables 4 and 5 . Occurrence of enteroparasites and serological reactivity to A. costaricensis in (Table 6 ) and metastrongylid larvae were found in 10/60 mollusks, mainly slugs (Phyllocaulis variegatus) from the Veronicelid family. The spatial distribution of the collected mollusks within each focus is shown in Figure 5 . In house number 30, where no slug was found in the nocturnal search, a dead slug was found by the peasant inside the well from where water is pumped for human consumption. 
DISCUSSION
Longitudinal population-based studies are important for a better evaluation of the epidemiology and natural history of infection and disease. Most of the knowledge about human infection with Angiostrongylus costaricensis comes from individual or small series reports of surgically treated individuals 14 . In southern Brazil, surgical intervention due to intestinal perforation or obstruction related to abdominal angiostrongyliasis is more frequent than other complicated inflammatory bowel diseases, such as ulcerative colitis and tuberculosis 1 . But the more severe clinical courses in infectious diseases in general are usually only the tip of the iceberg.
Older editions of some textbooks 3 present abdominal angiostrongyliasis as a pediatric problem, based on a report of a case series from a pediatric hospital, that was published twice updating a growing but cumulative number of children 11 12 .
Graeff-Teixeira C et al In southern Brazil, it has been previously demonstrated that the parasitosis affects adults as well as children 6 . The present results show an overall predominance of adults with positive serology for abdominal angiostrongyliasis.
Church
Variability in prevalence as seen in the present report may be interpreted as resulting from focality and seasonality, two main characteristics of zoonotic infections. A higher prevalence in 1995 is coincident with the occurrence of one complicated clinical course that was taken as the index case for the study. This fact may also result from a higher probability for severe cases to occur among an increased number of infected people at the time.
Individual follow-up of antibody reactivity as demonstrated by IgG-ELISA has shown indications for two main possibilities. First, abdominal angiostrongyliasis appears not to be a persistent infection. Most of the documented peaks in serological reactivity did not last more than a year and only a few individuals had persistent positive serology. These data further support the presumption that man is not a well-adapted host for A. costaricensis, based on the pathological reports and on the failure to detect L1 larvae in feces. Secondly, most infections are asymptomatic. Not a single individual presented a very suggestive clinical picture of severe abdominal disease that would include at least an acute course of abdominal pain and fever. Most episodes of abdominal pain were transient or probably associated with viral or bacterial gastroenteritis.
Although not yet properly investigated, serological crossreactions with antigens from A. costaricensis and other parasites are known to occur 4 . Other intestinal parasitoses were detected in the population but no significant association with the anti-A. costaricensis antibody reactivity was detected. This is not against the idea that there are cross-reactive epitopes, since intensity of the nonspecific response may be low depending on the chronicity or parasitic burden of the heterologous infections 10 . Co-infections or multiple infections should be better investigated in order to clarify all the missing bricks in the knowledge of humoral crossreactivity among diverse combinatory situations.
The relatively low prevalence of other intestinal parasitosis is not a surprise, since local peasants, mostly descendents of Italian immigrants, have good sanitary conditions and educational level. The finding of a dead slug in the source of water for human consumption in one of the houses, adds support to the hypothesis of water transmission of A. costaricensis. This possible route for transmission was previously commented by Ubelaker et al 18 reporting the emergence of third-stage larvae from experimentally infected aquatic snails.
Several mollusk species are susceptible to A. costaricensis infection but only a few have a significant role as hosts, such as the veronicelid slugs 15 . Infection was detected mainly in Phyllocaulis variegatus, the first intermediate host described in Brazil 8 with prevalence and parasitic burdens in the range as previously reported 15 . Mollusks were usually found restricted to one area next to the houses, where piles of stones, bricks or hay, and soil cracks had provided shelter, as seen in Figure 5 . This focality in the distribution of the intermediate host may be important to determine the absence of widespread infection in the human population.
In conclusion, abdominal angiostrongyliasis in southern Brazil appears to occur with low, fluctuating prevalence and incidence, and low morbidity. Although it is not a major public health problem, infection may be regularly detected, with a predominantly asymptomatic course, usually leading to spontaneous remission.
